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Electroda constructim lor an etactrosurglcal instrument 



"^^"^ for the treatment of tissue In the presence of an 

is J^^L^h^^^^^ 14anda return electrode 18 which 

u^I^^mJ^ 16. The tissue 

hTc n^L ^1^' '"'^'^ ^ Instrument 10. and the return electrode 18 

bS^o ^H.X^"'^^ membBf^ niade of an electrfcallvsxmducifve material the filarnenta>/ mJ^bers 
being electncally connected to a common electrical supply conductor. "«muers 
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1 2308980 

AN m-FCTROSURGICAL INSTp^lMITtJT 

TTiis invention relates to an electrosurgical instrument for the treatment of tissue in the 
presence of an electrically conductive fluid medium, to electrosurgical apparatus 
5 including such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic dectrosurgeiy is useful for treating tissue in cavities of the body, and is 
normally performed in the presence of a distension medium. When the distension 
medium is a hquid, this is commonly referred to as underwater electrosurgeiy. this term 
10 denotmg dedrosnrgeiy m which hving tissue is treated using an electrosurgical 
instrument with a treatment electrode or dectrodes immeised in liquid at the operation 
site. A gaseous medium is commonly employed when endoscopic surgeiy is performed 
in a distensible body cavity of larger potential volume in which a liquid medium would 
be unsuitable, as is often the case in laparoscopic or gastroenterological surgeiy. 

15 

Underwater surgeiy is commonly performed usmg endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) 
for the passage of an dectode. Alteraativdy, die endoscope may be spedfically 
adapted (as in a resectoscope) to inchide means for mounting an dectrode. or the 

20 electrode may be introduced into a body cavity via a separate access means at an angle 
with tespcct to ifae endoscope - a tedmique commonly referred to as triangulation. 
Tliese variations m tedmique can be subdivided by surgicd speddity, where one or 
other of the tedmiques has particular advantages given the access route to the spedfic 
body cavity. Endoscopes wifli integrd working dumnds, or those diaracterised as 

25 resectoscopes, are geneidly employed whii the body cavity may be accessed through 
a natural opening - sudi as die cervicd canal to access the endometrid cavity of the 
uterus, or the urethra to access the prostate gland and the bladder. Endoscopes 
spedficdiy designed for use in the endometrid cavity are referred to as hysteroscopes. 
and those designed for use in the urinary tract indude cystoscopes. urethroscopes and 

30 resectoscopes. Hie procedures of transuredid resection or vaporisation of the prostate 
gland are known as TURP and EVAP respectivdy. When Acre is 
opening through whidi an endoscope may be passed, the tedmique of triangulation is 



commonly employed. Triangulation is commonly used during underwater endoscopic 
surgeiy on joint cavities such as tbe knee and the shoulder. TTie endoscope used in 
these procedures is commonly referred to as an arthroscope. 

5 Electrosurgeiy is usually carried out using eidier a monopolar instrument or a bipolar 
instrument With monopolar electrosurgeiy. an active electrode is used in the operating 
region, and a conductive return plate is secured to tbe patient's skin. With this 
arrangement, current passes firom the active electrode through the patient's tissues to 
the external return plate. Since the patient represents a significant portion of the 
10 circuit, input power levels have to be high (typically 150 to 250 watts), to compensate 
for the resistive current limiting of the patient's tissues and. in die case of underwater 
dectrosuigeiy. power losses due to the fluid medium which is rendered partially 
, conductive by the presence of blood or odier body fluids. Using high power with a 
, monopolar arrangement is also hazardous, due to the tissue healing that occurs at the 
15 retam plate, which can cause severe skin bums. TTiere is also the risk of capacitive 
coupling between the instrument and patient tissues at the entry point into the body 
cavi^. 

With bipolar electrosurgeiy, a pair of electrodes (an active electrode and a return 
20 electrode) are used toge&er at the tissue application site. This arrangement has 

advantages ftom the safety standpoint, due to the relative proximity of the two 
electrodes so that radio fre<iueDcy currents are limited to d>e region between the 
electrodes. However, the depth of efifect is direcUy related to the distance between the 
two electrodes; and. in appUcations requiring veiy smaU electrodes, the inter-electrode 
25 spacing becomes very small, thereby limiting tissue eflfm Spacing 
the electrodes further apart would often obscure vision of the application site, and 
would require a modification in surgical technique to ensure correct contact of both 
electrodes with tissue. 



There are a number of variations to the basic design of the bipolar probe. For 
example. U.S. Patent Specification No. 4706667 describes one of the fimdamentals of 
the design, namely diat tbe ratio of the contact areas of the return electrode and of the 
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active dectrode i$ greater than 7:1 and smaller than 20:1 for cutting purposes. This 
range relates only to cutting electrode configurations. When a bipolar instrument is 
used for desiccation or coagulation^ the ratio of the contact areas of the two electrodes 
may be reduced to approximately 1:1 to avoid differential electrical stresses occurring 
S at the contact between &e tissue and Ae electrodes. 

The electrical junction betwem die return dectrode and tissue can be siqyported by 
wetting of the tissue hy a conducdve solution such as nonnal saline. This ensures that 
the surgical effect is limited to die needle or active dectrode, with the electric circuit 

10 between the two dectrodes being completed by die tissue. One of Ae obvious 
liroitaticms with the design is diat the needle must be completely buried in die tissue 
to enable die return dectrode to complete die drcuit Another problem is one of the 
orientation: even a rdadvdy small change in application angle from die ideal 
perpendicular contact widi req[>ect to die dssue surface, will diange the contact area 

IS ratio, so that a surgicd effect can occur in die tissue in contact with die return 
dectrode. 

Cavity distensi<m provides space for gaining access to the oporation site, to improve 
visualisation, and to allow for manipulation of instruments. In low volume body 
20 cavities, particularly where it is desirable to distend die cavity undo- higher pressure, 
liquid radicr dian gas is more comnumly used due to better opticd diaracteristics, and 
because it washes blood away from die operative site. 

Convendond underwater electrosurgery has been performed using a non-conductive 
25 liqiud (sudi as l.S% glycine) as an irri^Bnt, or as a distension medium to eliminate 
dectricd conduction losses. Glycine is used in isotCHiic concentratioiis to prevent 
osmotic changes in die blood when intra-vascular d)5orpdon occurs. In the course of 
an c^eradon, veins may be severed, with resultant infusicm of the liquid into the 
circulation, ^^ch could cause, among odier things, a dilution of serum sodium which 
30 can lead to a conditi<m known as water intoxication. 
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The applicants have found that it is possible to use a conductive liquid medium, such 
as normal saline, in underwater endoscopic electrosurgery in place of non*conducti ve, 
electrolyte-free solutions. Normal saline is the preferred distension medium in 
underwater endoscopic surgery when electrosurgery is not contemplated, or a 
S non-electrical tissue effect such as laser treatment is being used Although normal 
saline (O.^w/v; ISOmmol/I) has an electrical ccmductivity some^at greater than that 
of most body tissue, it has the advantage Aat displacement by absorption or 
extravasation from die operative site produces litde physiological effect, and the 
so-called water intoxication effects of non-conductive, electrolyte-free solutions are 
10 avoided. 

Carbon dioxide is the prefmed gaseous distension medium, primarily because of its 
non-toxic nature and high water solubili^. 

IS In endoscopic procedures in vMdi the disten^cm medium is a gas» the qyplicants have 
found that it is possible to use an dectrically-conductive gas (sudi as argon) in place 
of carbon dioxide. Argon is conductive when excited into a discharge state, and has 
been employed in both endoscopic and conventional monopolar electrosurgery as a 
method of increasmg the distance between the tissue and die instrument, by providing 

20 a conductive path between the two vdien high voltage electrosurgical ouputs such as 
spray or fulgurate are being used. The high voltages used in this qf^lication result in 
a very low penetration of the electrosurgical effect into die tissue, making die technique 
only suitable to control bleeding from multiple small blood vessels. This allows the 
surgeon to stanch bleeding from multiple sites in a surgical wound using a rs^id 

2S "painting" technique, rather dian applying electrosurgery to i^ich individual bleeding 
site. The argon gas is delivered through a hollow surgical instrument, and passes over 
the monopolar electrode exposed at the tip of die instrument as a stream. This 
produces a region at die operative site which is rich in argon, and which contributes 
to the distension of die body cavity. Hi^ voltage monopolar electrosurgical outputs 

3P are undesirable in endoscopic surgery, because of the risks of damaging structures 
outside die field of vision, by either capacitive or direct coupling to a portion of the 
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instrument remote from the operative site often otitside the field of vision of the 
operator 

The q>plicants have developed a bipolar instrument suitable for underwater 
5 electrosurgeiy using a conductive liquid or gaseous medium. This electrosurgical 
mstrument for the treatment of tissue in the presence of a fluid medium, comprises an 
instrument body having a han(^iec6 and an mstrument shaft and an electrode assembly, 
at one end of Ae shaft Hie electrode assembly comprises a tissue treatment electrode 
v^idi is exposed at die extreme distal end of the instrument, and a rehini electrode 

10 v^ich is electrically insulated from ihe tissue treatment electrode and has a fluid 
contact surface qpaced proximally from the e^qiosed part of die tissue treatment 
electrode. In use of the instrument the tissue treatment electrode is ^lied fo the 
tissue to be treated vAilst die return dectrode, being ^ced proximally from die 
exposed part of die tissue treatmoit dectrode» is normally spaced from die tissue and 

15 serves to complete an dectrosurgical current loop from die tissue treatment electrode 
through die tissue and the fluid mecfium. This dectrosu^cal instrument is described 
in die q[>ecificaticm of the ^pUcants* co-pending Britidi Patent Application No. 
9512889,8. 

20 The dectrode structure of diis instrument^ in combination with an electrically 
conductive fluid medium largely avoids the problems e)q)erieaced with monopolar or 
bipolar electrosurgery. In particular, ii^>ut power levels are mudi lower dian those 
generally necessary widi a monopolar arrangement (typically 100 watts). Moreover, 
because of die relatively large spacing between its electrodes, an improved depdi of 

25 effect is obtained compared with conventional bipolar arrangement 

The aim of die invention is to provide an improved dectrosurgicd instrum^it of diis 
type. 

30 The present invention provides an electrosivgical instrument for the treatment of tissue 
in the presence of am electrically-conducdve fluid medium, die instrument comprising 
an instrument shaft, and an dectrode assembly at one end of die shaft, die dectrode 
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assembly comprising a tissue treatment electrode and a return electrode which is 
electrically insulated from the tissue treatment electrode by means of an insulation 
member, the tissue treatment electrode being exposed at the distal end portion of the 
instrument, and the return electrode having a fluid contact surface spaced proximally 
5 from die exposed end of Ae tissue treatment electrode by the insulation member, 
v^erein the exposed end of the tissue treatment electrode is constituted by a plurality 
of tissue treatment filamentary members made of an electricaUy*conductive material, 
the filamentary members being electrically connected to a common electrical supply 
ccmductor. 

10 

Hie retum electrode is ^aced from the tissue treatment electrode so that, in use, it 
does not contact the tissue to be treated, and so that Ae electrical circuit is always 
completed by fte ccmductive fluid, and not simply by arcing between the electrodes. 
Indeed, the arrangement is such that arcing between 4e adjacent parts of the electrode 
15 assembly is avoided, Aereby ensuring that Ae tissue treatment dectrode ^ 

enveloped in a vapour pocket so Aat tissue entering Ae vqx>ur pocket becomes Ae 
preferred paA for current to flow back to Ac return dectrode via Ae conductive fluid. 

The dectrosurgical instrument of Ae invention is usefiU for Assection, resection, 
20 vaporisation, desiccation and coagulation of tissue and combinations of Aese functions 
wiA particular application in hysteroscopic surgical procedures. Hysteroscopic 
operative procedures m^ include: removal of submucosal fibroids, polyps and 
maligniant neoplasms; resection of congenital uterine anomalys such as septum or 
subscptimi; Avision of synechiae (adhcsiolysis); ablation of diseased or hypertrophic 
25 endometrid tissue; and ha«mostasis. — 

The instrument of Ae invention is also usefril for Assectim, resection, vaporisation, 
desiccation and coagulation of tissue and combinations of Aese functions wiA 
particular application in arthroscopic surgery as it pertains to endoscopic and 
30 percutaneous procedures performed on joints of Ae body induAng, but not limited to, 
such techniques as Aey apply to Ac spine and oAer non-synovial joints. ArAroscopic 
operative procedures may mclude: paitid or complete meniscectomy of Ae knee joint 



including meniscal cystectomy; lateral retinacular release of die knee joint; removal of 
anterior and posterior cruciate ligaments or remnants diereof; labral tear resection, 
acromioplas^, bursectomy and subacromial decompression of the shoulder joinr, 
anterior release of Ae temperomandibular joint; synovectomy, cartilage debridement, 

S chondn>plasty» division of intra-articular adhesions, fracture and tendon debridement 
as implied to any of the synovial joints of Ae body; inducing thermal shrinkage of joint 
capsules as a treatment for recurrent dislocation, subluxation or repetitive stress injury 
to any articulated joint of ttie body; disectomy either in ibt treatment of disc prolpase 
or as part of a q>inal fusion via a posterior or anterior approach to die cervical, thoracic 

10 and lumbar ^ine or any other fibrous joint for similar purposes; excision of diseased 
tissue; and haemostasis. 

The instrumeat of tiie invention is also useful for dissection, resection, vaporisation, 
desiccation and coagulati<ni of tissue and combinations of diese functions with 

1 S particular q>pIicatiott in urological endoscopic (urediroscopy, cystosc(qiy, ureteroscopy 
and nqibroscc^) and pmutaneous surgery, Urological procedures m^ include: 
electro-vq>orisati(m of the prostate gland (EVAP) and otter variants of the procedure 
commonly referred to as transurethral resecticm of die prostate (TURP) including, but 
not limited to, interstitial ablation of die prostate gland by a percutaneous or perurethral 

20 route whedier performed for benign or malignant disease; transurediral or percutaneous 
resection of urinary tract tumours as they may arise as primary or seccmdaxy neoplasms 
and furdier as diey may arise any«4iere in the urological tract from the calyces of the 
kidney to die external urediral meatus division of strictures as diey m^ arise at the 
pelviure^c junction (PUJ), ureter, ureteral orifice, bladder neck or urethra; correction 

25 of ureterocoele; shrinkage of bladder d^verticular; cystoplasty procedures as they pertain 
to corrections of voiding dysfiincticm; diermally induced shrinkage of pelvic floor as 
a corrective treatment for bladder neck descent; excision of diseased tissue; and 
haemostasis. 

30 Surgical procedures using the instrument of die invention include introduing the 
electrode assembly to the smgical site through an artificial conduit (a cannula), or 
through a natural conduit which may be in an anatomical body cavity or space or one 



8 



created surgically. TTie cavity or space may be distended during the procedure using 
a fluid or may be naturally held open by anatomical structures. The surgical site may 
be bathed in a contmuous flow of conductive fluid such as saline solution to fill and 
distend the cavity. Tlie procedures may include simultaneous viewing of the site via 
5 ao endoscope or using an indirect visualisation means. 

In a preferred embodiment, a plurality of separate, individual fliaments constitute the 
filamentary members. Advantageously, the fUaments each have a length lying wi Ain 
the range of ftom 0.5 mm to 5 mm. m which case the instrument is used for tissue 
10 removal by vaporisation. Preferably, the filaments each have a diameter lying within 
tile range of firom 0.05 mm to 0.3 mm. 

Alternatively, a smgle coiled filament constitutes die filamentary members, the coils 
of die filament constituting die filamentary members. 



15 



Preferably, the filamentary members extend longitudimUly from the extreme distal end 
of the instrmnent Ahetnatively. the filamentaiy members extend lateraUy through a 
cutout formed in a side surface of die insulation member adjacent to die distal end 
diereof Conveniently, the return electrode is fonned wid> a hood-Iike extension which 
20 extends over die surface of die insulation member which is opposite die cut-out. 

In anotiier preferred embodiment, tiie filamentary members are mounted within die 
msulation member m such a mamier tiiat tiiey are axiaUy movable relative to die 
msulation member between a first operating position, in which tiiey extend partially 
25 fiom die insulation member. «id a second oper^ing position, in which diey extend 
fiUly ftom die insutation member. In tins case, dw instrument can be used for tissue 
removal by vaporisation when die filaments are in tiie first operating position, and for 
desiccation when die filaments are in die second operating position. 

30 Advantageously, die common electrical supply conductor is a central conductor, the 
msulation member surrounding die central conductor. 
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The filamentaiy members may be made from a precious metal such as platiniun or 
from a platinum alloy such as platinumAridium, platinumAungsteii or platinum/cobalt 
The filamentary members could also be made of tungstoi. The insulation member may 
be made of a ceramic material, silicone rubber or glass. 

5 

Where die filamentary members are sqparate individual filaments, diey may each have 
a lengdi lying widiin the range of from 5 mm to 10 mm. In this case, they may be 
made of stainless steel. 

10 In yet another preferred embodiment. Ae insulation member is formed wifli at least one 
wing, die or each wing extending distally from Ae insulation memb^ to project 
bey<»id the tissue treatment electrode. Preferably, the insuladon member is formed 
with a pair of diametrically-opposed wmgs. 

1 S The invention also provides an dectrode imit for an electrosurgical instrument for the 
treatment of tissue in the presence of an electrically-conductive fluid medium, the 
dectrode unit compri^g a shaft havmg at <me end means for connection to an 
instrument handpiece, and, mounted on die olh^ end of die shaft, an electrode 
assembly comprising a tissue treatment electrode and a return electrode v^ich is 

20 dectrically insulated from die tissue treatment electrode by means of an insulation 
member, the tissue treatment electrode being e3q>osed at die distal end portion of the 
instrument, and the return electrode having a fluid contact surface spaced proximally 
from the exposed end of die tissue treatment electrode by the insulation member, 
wherein the exposed end of die tissue treatment electrode is constituted by a plurality 

25 of tissue treatment filamentary memb«rs made of an electrically-conductive material, 
die filamentary members being dectrically connected to a common dectrical supply 
conductor. 

The invention further provides dectrosurgicd apparatus comprising a radio frequency 
30 generator and an dectrosurgical instrument for die treatment of tissue in the presence 
of m electrically-conductive fluid medium, the instrument comprising an instrument 
shaft, and an electrode assembly at <me end of die shaft, the dectrode assembly 
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comprising a tissue treatment electrode and a return electrode vAnch is electrically 
insulated from the tissue treatment electrode by means of an insulation member, the 
tissue treatment electrode being exposed at the distal end portion of the instrument, the 
return electrode having a fluid contact surface spaced proximaUy from the exposed end 
5 of the tissue treatment electrode by the insulation member, and the radio frequency 
generator having a bipolar output connected to die electrodes, wherein the exposed end 
of the tissue treatment electrode is constituted by a plurality of tissue treatment 
filamrataiy members made of an dectrically^nductive material, the filamentaiy 
members being electrically connected to Ae radio frequency generator by a common 
10 electric supply conductor 

Advantageously, die radio frequency generator mcludes control means for varying the 
output power delivered to ike electrodes, Ac control means being such as to provide 
output power in first and seccHul output ranges, Ae first ou^ut range being for 
15 powering Ae dectrosurgical instrument for tissue dessication, and Ae second 

range being for powering Ae dectrosurgical instrument for tissue removal by 
vaporisation. Preferably, Ae first output range is from about 150 volts to 200 volts, 
and Ae second output range is from about 250 volts to 600 volts, Ae voltage being 
peak voltages. 

20 

The invention will now be described in greater detail, by way of example wiA 
reference to Ae drawings, in which:- 

Figure 1 is a diagrammatic side elevation of an electrode assembly at a Astal end of 
25 a first foim of electrode unit omstructed infaccordance wiA ffieinventioh; 

Figure 2 is a gr^h illustrating Ae hysteresis vAnch exists between Ae use of Ae 
electrode unit of Figure 1 in desiccating and vaporising modes; 



30 



Figure 3a is a Aagrammatic side elevation of Ae fir^ electrode unit, showing Ae use 
of such a unit for tissue removal by vq[)orisation; 



II 

Figure 3b is a diagranunatic side elevation of 4ie first electrode unit, showing the use 
of such a unit for tissue desiccation; 

Figures 4a to 4c are diagrammatic side devations of the electrode assembly of a second 
5 form of electrode unit constructed in accordance with the invention; 

Figures Sa and 5c are diagrammatic side devations of die electrode assembly of a third 
form of electrode unit constructed in accordance with the invention; 

10 Figures 6a and 6b are diagrammatic side devaticms of the dectrode assembly of a 
fourdi form of electrode unit ccmstructed in accordance wiA die uiventions; 

Figures 7a and 7b as diagrammatic side devations of a fiftti form of electrode unit 
constructed in accordance widi die invention; 

15 

Figure 8 is a diagrammatic side devali<»i of a sixdi fonn of electrode unit constructed 
in accordance with the invention; 

Figure 9 is a cross-section taken on the line A-A of Figure 8; 

20 

Figure 10 is a diagranunactic side devations of a seventh form of electrode unit 
constructed in accordance widi die invendon; 

Figures 11 a to lid are diagrammatic side devadons of further forms of dectrode unit 
25* constructed in acoordaiice widi the invention; and 

Figure 12 is a diagram lowing an dectrosurgical apparatus constructed in accordance 
with die invention. 

30 Eadi of the dectrode units described bdow is intended to be used with a conductive 
distension medium such as normal saline, and each unit has a dual-dectrode structure, 
with the conductive medium acting as a conductor between the tissue bdng treated and 
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one of the electrodes, herdnafter called the retura electrode. The other electrode is 
applied directly to the tissue, and is hereinafter called Ae tissue treatment (active) 
electrode. In many cases, Ae use of a liquid distension medium is preferable, as it 
prevents excessive electrode temperatures in most circumstances, and largely eliminates 
5 tissue sticking. 

Referring to the drawings* Figure 12 Aows electrosurgical apparatus including a 
generator 1 having an ou4>ut socket 2 providing a radio frequency (RF) output for an 
instrument in the form of a hanc^iece 3 via a connection cord 4, Activation of the 

10 generator 1 may be performed from die handpiece 3 via a control connection in the 
cord 4, or by means of a footswitch unit 5, as diown. connected separately to the rear 
of the generator 1 by a footswitch connection cord 6. In Ae illustrated embodiment, 
the footswitch unit S has two footswitches 5a and 5b for selectmg a desiccation mode 
and a y^risati<m mode of Ac generator 1 respectively. The generator front panel has 

15 push buttcms 7a and 7b for respectively setting desiccation and vaporisation power 
levels, ^ch aro indicated in a display 8. Push buttons 9a are provided as an 
alternative means for selection between Ae desiccatiim and vq>orisation modes. 

The handpiece 3 mounts a detachable electrode unit E, such as Ae electrode units El 
20 to El 1 to be described below. 

Figure 1 shows Ae first fonn of electrode unit El for detachable fastoung to Ae 
electrosurgical instrument handpiece 3, Ae electrode unit comprising a shaft 10, v^ich 
is constituted by a semi-flcxible tube made of stainless steel or fdiynox electroplated 
25 in copper or gold, wiA m electrode assembly 12 at a distal mi Aereof. At Aff oAer 
end (not shown) of Ae shaft 10, means are provided for connecting Ae electrode unit 
El to a hanc^iece boA mechanically and electrically. 

The RF generator 1 (not shown in Figure 1) delivers an electro-surgical current to Ae 
30 electrode assembly 12. The generator includes means for varying Ae delivered output 
power to suit Afferent electrosurgical requirements. The generatcn^ may be as described 
in Ae specification of our co-pending Britidi Patent >^lication 9512888.0. 
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The electrode assembly 12 includes a central, tissue treatment (active) electrode 14 in 
the form of a brush electrode. The active electrode 14 is connected to die generator 
I via an integral central conductor 14a and a central copper conductor (not shown) 
positioned within die handpiece of die instrument The bru^ electrode 14 is 
5 constituted by a plurality of filaments of tungsten, die filaments having diameters lying 
in the range firom O.OSmm to 0.3mm. A tapered ceramic insulation sleeve 16 surrounds 
Ae conductor 14a. A return electrode 18, which is constituted by the distal end portion 
of die shaft 10, abuts die proximal end of die sleeve 16. An outer insulating coating 
20 surrounds the proximal portion of the sbsSt ac^acent to die return electrode 1 8. The 
10 coating 20 would be polyvinylidene fluoride, a polyimide. polytctrafuoroediylene. a 
polyolefin, a polyester or e%lene tetraflnoroediyleoe: 

By varying the output of die generator I, die electrode unit El of Figure 1 can be used 
for tissue removal by vq)orisation, or for desiccation. Figure 2 illustrates how the RF 

15 "^generator 1 can be omtrolled to take advantage of die hysteresis which exists between 
die desiccadcm and die vq[>orising modes of die electrode unit El. Thus, assmning the 
electrode assmbty 12 of die unit El is unmeised in a conductive medium such as 
saline, diere is an initial impedance "f at pomt "0**, die magnitude of which is defined 
by die geometry of die electrode assembly and die electrical conductivity of die fluid 

20 medium. The value of V will diange when die active electrode 14 ccmtacts tissue, 
die hi^er die value of V die greater die propensity of the electrode assembly 12 to 
enter die v^risation mode. When RF power is q)plied to the electrode assembly 1 2 
die fluid medium heats iq>. Assuming die fltnd medium is normal saline (0.9% w/v), 
die temperature coefficient of die fluid medium is positive, so diat die corresponding 

25 impedance coeffident is negative, thus, as power is applied, die impedance initially 
falls and continues to fall widi increasing power to point "B", at vAiidt point the saline 
in intimate contact widi die electrode assembly 12 reaches boiling point Small vapour 
bubbles form on die surface of the active electrode 14 and die impedance then starts 
to rise. After point *B", as power is increased fiirdier, die positive power coefficient 

30 of impedance is dominant, so that increaang power now brings about incr^ing 
impedance. 
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As a vapour pocket fonns from the vq>our bubbles, there is an increase in the power 
density at tiie residual dectiode/saline interface. There is, however, an exposed area 
of die active electrode 14 not covered by v^ur bubbles, and diis further stresses the 
interface, producing more vapour bubbles and thus even higher power density. This 
5 is a run-away condition, with an equilibrium point only occurring once tfie electrode 
is completely enveloped in vqwur. For given set of variables, there is a power 
direshold before this new equilibrium can be reached (point "C"). 

Hie region of the graph between the points "B" and therefore, represents the upper 

10 limit of ^e desiccation moda Once in the vaporisation equilibrium state, the 
impedance rapidly increases to around 1000 ohms, with the absolute value depending 
on the system variables. The vqwur pocket is tfien sustained by discharges across the 
vqMur pocket between Ae active dectrode 14 and the vapour/saline interface. The 
mqority of power dissq>atiim occurs witiiin this pocket, witii consequent heating of the 

15 active dectrode 14. Tie amount of energy dissipation, and the size of die pocket, 
dqpends on die ou4>ut voltage. If diis is too low, die pocket will not be sustained, and 
if h is too high die dectrode assembly 12 will be destroyed. Thus, in order to prevent 
destruction of die dectrode assembly 12. die power output of die generator 1 must be 
reduced <mce die in^iedance has reached die point "D". It diould be noted diat. if die 

20 power is not reduced at diis point, die power/impedance curve will continue to dimb 
and electrode destruction would occur. The dotted line E indicates die power level 
above wfaidi dectrode destruction is inevitaUe. As die power is reduced, die 
impedance fdls until, at point "A", die vapour pocket collapses and die dectrode 
ass«nbly 12 reverts to die desiccatiim mode. At diis point, power dissipation within 

25 die v^ur pocket is insuifident to sustain it. so diat direct contact between die active 
electrode 14 and die sdine is re-established, and die impedance foils diamatically. The 
power density at die active dectrode 14 also falls, so diat die temperature of die saline 
fells bdow boiling pomt The dectrode assemUy 12 is dien in a stable desiccation 
mode. Widi die generator described in die spedficarion of our co-pending British 

30 patent application 9604770.9, die output is 350 to 550 volts peak for die vaporisation 
mode, and about 170 vohs peak for the desiccation mode. 
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It will be apparent that the electrode unit El of Figure 1 can be used for desiccation 
by operating the unit in the region of die gtdoplh between die point '*0'* and a point in 
the region between the points "B" and "C. In diis case, the electrode assembly 12 
would be introduced into a selected operation site widi die active electrode 14 adjacent 

5 to die tissue to be treated* and widi the tissue, die active electrode and the return 
electrode is immersed in die saline. The RF gen^ator 1 would then be activated (and 
cyclically controlled as described in die spedficaticm of our co-pending British patent 
application 9604770.9 to supply sufficient power to die electrode assemby 12 to 
maintain die saline adjacent to die active electrode 14 at» or just below, its boiling 

10 point widiout creating a vapour pocket surrounding the active tip. The electrode 
assraibly would dien be mantpulaled to cause heating and dessication of the tissue in 
a required region adjacent to die active electrode 14. The electrode unit El can be 
used for vs^risation in die r^on of the graph between die point "D** and the dotted 
line F ^cfa constitutes die levd below ^lidi vaporisation cannot occur. The upper 

IS part of diis curve is used for tissue removal by vq)orisation. It should also be 
appreciated diat die dectrode unit El could be used for cutting tissue. In the cutting 
mode, the electrode unit El still operates widi a vapow pocket, but diis pocket is much 
smaller than that used for vaporisaticm, so that diere is die least amount of tissue 
damage commensurate widi cutting. Typically, die generator operates at about 270 

20 volts peak for cutting. 

The temperature generated at die active electrode 14 is of die order of ISOO^'C in the 
vqx>ri5alion mode, so diat the active electrode is made of a material diat can widistand 
such high temperatures. Preferably, the active electrode 14 is made of tungsten^ 
25 platinum or a platinum alloy (such as platinumAridium or platinum/tungsten) for 
fabricaticm of diis monber. 

Figure 3a illustrates sdiematically the use of die electrode unit El of Figure 1 for 
tissue removal by vaporisation. Thus, die electrode unit El creates a sufficiendy high 
30 en^gy density at die active electrode 14 to vaporise tissue 22» and to create a vapour 
podcet 24 surrounding the active electrode. The formation of die vapour pocket 24 
creates about a lO-foId increase in contact impedance, widi a consequent increase in 
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output voltage. Arcs 26 aro created in the vapour pocket 24 to complete the circuit to 
the return electrode 18. Tissue 22 which contacts the vapour pocket 24 will represent 
a path of least electrical resistance to complete the circuit TTie closer the tissue 22 
comes to the active electrode 14. the more energy is concentrated to the tissue, to the 
5 extent that the cells explode as they are struck by the arcs 26. because the return path 
through the connective fluid (saline in this case) is blocked by the high impedance 
barrier of the vapour pocket 24. TTie saline solution also acts to dissolve the solid 
products of vqx>risation. 

10. Figure 3b iUustrates schematically the use of die electiode unit El for tissue 
desiccation. In the desiccation mode, output power is delivered to the electrode 
assembly 12 in a first output range, so that cunent flows &om the active electrode 14 
. to become heated, preferably to a point at or near the boilmg point of the saline 

solution. TWs creates smaU vapour bubbles on die surface ofdie active electrode 14 
15 diat increases the impedance about die active electrode. 

The body tissue 22 typicaUy has a lower impedance dian die impedance of the 
combination of vapour bubbles and salme solution adjacent to die active electrode 14. 
When die active electrode 14 surrounded by small vapour bubbles and saline solution 
20 is brought into contact widi die tissue 22. die tissue becomes part of die preferred 
electrical current pafli. Accordingly, die preferred current padi goes out of die active 
electrode 14 at die point of tissue contact, dirough die tissue 22. and dien back to die 
return electrode 18 via die saline solution, as shown by die current patii lines 28 in 
Figure 3b. 

25 

Hie invention has particular application in dessicating tissue. For tissue desiccating, 
one preferred approach is to contact only part of die active electrode 14 to die tissue 
22. wid. die remainder of die active electrode remaining remote from die tissue and 
surrounded by saline solution, so dutt current can pass from die active electrode to the 
30 return electrode 18 via die saline solution. widK,ut passing dirough die tissue For 
example, in die embodiment showin in Figure 3b. only die distal portion of die active 
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electrode 14 contacts Ae tissue 22, with the proximal portion remaining spaced away 
from the tissue. 

The invention can achieve desiccaticHi with no or minimal charring of the tissue 22. 
5 When the active electrode 14 contacts the tissue 22, current passes through the tissue, 
causing die tissue at, and around, Ae contact point to desiccate. The area and volume 
of deaccaated tissue 30 expands generally radially outwardly from fte point of contact. 
As die tissue 22 is desiccated, it loses its ccmductivity. As fte area and volume of 
desiccated tissue 30 grows, a point is reached \Acre the conductivity of Ae tissue is 
10 less dian die conductivity of the heated saline soluticm surrounding die active electrode 
14. 

The current will prefer to follow die least-impedance padi. Accordingly, as the 
inq)edance of die tissue 22 increases (due to defecation) to a point vriiere it approaches 

15 or exceeds die impedance of die combination of v^ur bubbles and saline solution 
surrounding the active electrode 14, die preferred electrical current parii will shift to 
a new padi durou^ the vapoxa bubbles and saline solution. Accordingly, once a large 
enough portion of tissue is desiccated, most (or substantially all) die current flow 
necessarily shifts to pass direcdy from die active electrode 14 into die saline solution. 

20 Before die tissue 22 becomes diarred or scorched, die increased impedance of the 
desiccated tissue 30 causes most of die current to follow die padi dirough die saline 
solution. No current, or a very small amount of cuaent, will continue to pass through 
the desiccated tissue, and charring will be prevented 

25 In die embodiment shown in Figure 3b. die esqiosed, stranded portion of the active 
electrode 14 allows parts of the active electrode to contact the tissue surface, while still 
maintaining most of die active electrode exposed portion out of contact widi the tissue. 
Because most of die exposed portion of die active electrode 14 is out of contact widi 
the tissue 22, die current padi will more easily rfiifk, upon desiccation of a sufficient 

30 tissue volume, from die padi dirou^ die tissue to a padi diat goes direcdy from the 
active electrode to the saline solution. 
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When the electrode unit El is in the desiccation mode, the flexibility of the brush 
electrode 14 offers considerable advantages when working with small diameter 
electrodes in irregular body cavities in which large areas of tissue require desiccation. 
From a technical standpoint, die renim:active ratio is variable from > 1:1 in the 
5 -dosed- form to < 1:1 in the -splayed- form. This variabUity of the retumractive ratio 
is explained in greater detaU below widi reference to Figures 4a to 4c. 

Figure 4 shows die second form of electrode unit E2 whose electrode assembly 32 
includes an active electrode 34 which is constituted by a plurality of filaments made 

10 of a conductive material such as stainless steel. Hie filaments of the brush electrode 
34 are much longer (lOmm as compared with Snun) than the filaments of the brush 
electrode 14, as die electrode unit E2 is intended primarily for desiccation. In diis 
embodiment, the retum:acdve ratio is variable from > 2:1 in the "closed- form to < 1 : 1 
in die -spteyed- form. Ihe electrode assembly 32 also includes a ceramic insulation 

15 sleeve 36. a return electrode 38 and an outer insulating sheath 40. Hie active electrode 
34 is a brush deetiode whose tip is flexible to provide a reproducible tissue effect 
which is substantially independent of the application angle of die electrode witii respect 
to die surfoce of die tissue T (see Figure 4c). Thus, die flexibility of die active 
electrode 34 results in differential contact areas of die active electrode dependent on 

20 die applied pressure. For example. Figure 4a shows die brush electrode 34 -closed" 
during die appUcation of light pressure, and Figure 4b shows die brush "splayed- by 
firm tissue pressure. This enables die creation of a broader surgical effect dian die 
diameter of die electrode 34 would odierwise allow, diereby reducing treatment time. 
Figures 4a to 4c also show die return padi P for die current flow from die active 

25 electrode 34 to die remm electrode 38 via die conductive medium. 

nus large variation in die retum:active ratio is a feature which cannot be supported by 
conventional bipolar designs. This variation in ratio can occur because die conductive 
padi to complete die electrical circuit is maintained by die low impedance of die 
30 electrode contact wi|h die conductive fluid operating medium. In order to sustain d,e 
low impedance transfer of RF energy to die tissues, die RF generator must be 
controlled in such a v«v that vapour pockets camiot form at die interface between die 
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active electrode and Ae tissue. This allows die tissue contact to be continually wetted 
by die conductive fluid so diat, \;^dulst die tissue water is removed by thermal 
desiccation, die impedance reaches an upper limit determined by a point just below a 
voltage threshold above vMch vapour pockets will start to form. This, combined with 
S the greater insuladon separation between die active and return electrodes, enables this 
type of electrode unit to deliver mudi higher powers effectively to die tissue for a 
given dectrode diroensim dian any known electrode unit 

Figures Sa and 5h show die diird form of electrode unit E3. This unit £3 is a 
1 0 modification of die electrode vmt E2, and its electrode assembly 42 includes an active 
dectrode 44 vUch is constituted by pluralt^ offilaments made of stainless stM^^ The 
active dectrode 44 is» dierefore, a brush dectrode and die filaments of this dectrode 
are of a simUar Icogdi to die filaments of the brush dectrode 32. The electrode unit 
E3 is» die^fore, intended primarily for desiccation. The dectrode assembly 42 dso 
15 . indudes a cextoiic insulation sleeve 46, a return dectrode 48 and an outer insulating 
Aeadi 50. The insdatim sleeve 46 is made of a cmmic materid and, like the 
insulation sleeve 16 of die dectrode unit El, it tapers towards die distd end of the 
dectrode assembly 42. Figure 5a shows die dectrode unit E3 in a non-operationd 
position, and Figure 5b shows the unit in desiccating mode against tissue T. 

20 

Figures 6a and 6b show a fourdi £oaa of dectrode unit £4 whose dectrode assembly 
52 includes an extensible active dectrode 54 in the form of a brush dectrode. The 
filaments of die brush dectrode 54 are made of tungsten, platinum, platinum/tungsten 
or platinum^ridium. The dectrode unit E4 also indudes a ceramic insulation sleeve 56. 

25 a return dectrode 58, and an insulating sheath 70. As shown in Figure 6a, die active 
electrode 54 can be withdrawn 5d>5tantial]y within the insdation sleeve 56 so diat only 
die free md portions of its filaments are exposed. With the active dectrode 54 in this 
position, the dectrode unit E4 can be used to viqiorise tissue in die manner described 
above widi reference to Figure 3. On the other hand, if die active dectrode 54 is 

30 extended (see Figure 6b), so that its filaments extend fully from the distd end of the 
def^e 56, the decfrpde unit E4 GiULbe u^ The ratio of the contact 

areas of die return to active dectrodes of die unit £4 can, dierefore, be varied between 
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the fully retracted active electrode position Qn vAich Ac ratio is high and the unit is 
used for vaporisation)^ and the extended position (in which the ratio is low and the unit 
is used for desiccaticw). The unit E4 achieves its dual functionality by varying the 
extent by which the filaments of the active dectrode 54 are extended. Dual 

5 functiwiali^ could also be achieved by varying axial separation between Ae active 
electrode 54 and the return electrode 58 (for example by varying tfie length of the 
insulation sleeve 56), With a large extension of die filaments of the active electrode 
54 or witii a large axial electrode separation, a large electric field is created, so tiiat 
more tissue is affected With no extension of die filaments of the active electrode 54 

10 or wiA a reduced dectrode sq)aration, a smaller dectric fidd is produced, and is used 
for cutting or vaporisaticm in drcumstances where no collateral thermd damage to 
tissue is desirable, Tlie larger dectiic field pattern is desirable for desiccation, or in 
circumstances whwc die desiccation of collateral tissue is desirable to prevent 
haemorrhage firom a cut surface. 

15 

Depending tq>on Ae rado of Ae retumracdve dectrode area. Aerefore, Ae brush 
dectrode of Ae invention can have a dessication functicHi (as exemplified by Ae 
embodiments of Figures 4 and 5), a vi^oiisation function (as exemplified by Ae 
embodiment of Figure 3), or a dual desiccation/vaporisation function (as exemplified 
20 by Ae embodiment of Figure 6). 

As indicated above, Ae primary use for Ae desiccating brush is in providing a flexible, 
broad area dectrode for desiccating large irregular areas of tissue. The requirement to 
treat sudi areas occurs in hystcroscopic surgery - desiccation of Ae endometrial lining 
25 of Ae uterus, and in urologicd surgery • desiccation and dirinkage of bladder 
Avorticttlar. In boA instances, Ae dectrode is introduced dirough Ae working channel 
of Ae endoscope. 

Introduction of Ac desiccating brush wiA a long and flexible, filamentous structure can 
30 prove problematical i^en Ae woricing channd of Ae endoscope is angled or indudes 
steps in Ae inner bore. This can deform Ae bnidi filaments v^ch, once inserted, 
cannot be adjusted and nuy not ccmform to die area of tissue to be treated. Bending 
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back of the filaments may also inadvertently create an electrical short to Ae return 
electrode. 

Whilst preserving the desired functions of flexibility and contact area geometry 
5 dependent on Ac pressure of explication, Ae basic desiccating brush can be modified 
to overcome Ais problem. For example, Ae brush filaments can be simply twisted 
togeAer. Preferably, however, Ae filaments are welded togeAer at Aeir Astal ends as 
shown in Figure 7 which diows a fifA form of electrode unit E5. The electrode unit 
ES includes an acdve electrode 64 in Ae form of a brush electrode vAiose filaments are 
10 made of platinum, platimmi/tungsteD or platinumAriAum. The distal ends 64a of Ae 
filaments are welded togeAer as diown in Figure 7a. This prevents Astortion of Ae 
filaments in Ae working diannd of an endoscope, whilst permittmg bowing of Ae 
filaments (as shown in Figure 7b) to increase tissue ccmtact area. The electrode unit 
ES includes a ceramic insulation sleeve 66, a return electrode 68 and an outer 
1 S insulating sleeve 70. 

In Ae dual function brudi electrode, Ae retum:active electrode area can be elevated to 
a level which is capaUe of producing tissue vqporisatioa Obviously, wiA a very small 
active electrode area at Ae extreme of Ais range» Ae amount of tissue vAich can be 

20 desiccated becomes too small to be practically useful. If» however, Ae ratio is 
configured in Ae mid-range» Aen Ae same electrode can be used to produce both 
effective desiccation and tissue removal by v^>orisation. The ^ort brush described in 
Figure 1 is one example of sudi a dual puirpose electrode. Given Aat Ae filaments 
cannot be fabricated in stainless steel to support vaporisation, tungsten filaments are 

25 Ae preferred material in Ae ^ort brush due to Aeir rigiAty overcoming Ae issues of 
distortion during introducticm. Platinum alloys wiAstand Ae high vaporisation 
temperatures better than tungsten but, due to Aeir flexibility and Ae annealing process 
during use, cannot be used in Ae short brush form. Platinum alloy dual-function 
brush-type electrodes, Aerefore, require Ae moAfications of twisting, braiding, or 

30 welding of Ae Astal tips to prevent distortion. 
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These combined multi-fimctional brush electrode forms are particularly useful in 
removing tumour masses or polyps encountered during hysteroscopic and urological 
surgery. They can vaporise the tumour bulk, incise the stalks of polyps, and desiccate 
any bleeding vessels or the base of the tumour without Ae need to change electrodes 

5 

In these multi-functional forms, the active electrode area is maximised for desiccation 
whilst stiU being capable of vaporisation or cuttmg functions. The minimmn ratio 
dqiends on four important critera, namely: 

10 1. The intrinsic impedance of die target tissue. 

2. The volume of die body cavity. 

3. The configuration of die active dectiode. 

IS 

4. The maximum oa4>ut power fiom die RF generator. 

The configuration of the acdve electrode obviously influences die ratio, witfi cyUndrical 
forms representing die lowest ratio for a given lengdi. but die odier factors relate to die 
20 inability of die electrode to retain a vapour bubble. The filaments of die brush-type 
electrodes retain vapour bubbles, which helps maintain die vaporisation condition. 

An ardiroscope electrode may be characterised as short (100-140mm). rigid widi a 
working diameter up to 4mm. It can be introduced dirough a stab incision into a joint 

25 cavity (witii or widiout a camiula) using die" triangulatiofi technique. Wh«, an 
artiiroscope includes a brush electrode of die type described above, it is operated wiU, 
a motion which commonly moves die brush electrode between die 9 o'clock and 3 
o'clock positions on die aidiroscopic image. As a result, die tissue to be treated is 
commonly approached at a shallow working angle widi respect to die axis of the 

30 ele«»ode. The electrode for artiioscopy dius needs to have an effect consistent with 
diis angled approach to die tissue. The tissue to be treated, such as meniscal cartilage, 
is commonly dense and of a high electrical impedance, such tissue having a free edge 
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representing a conunon injury site where treatment is required Tbe drawback of 
known ardiroscope electrodes whidi are solid form electrodes is tfiat, because the joint 
spaces are commonly small (the joint spaces in tbe knee being typically 60-100 mis 
under fluid disten^on), &e vapour bubbles generated are large and tend to cause 
5 problems with visualisation. 

Figure 8 shows an arAroscope electrode unit E6 ccMistructed in accordance with the 
invention. Tbe electrode unit £6 includes an active electrode 74 which is constituted 
by a plurality of filaments made of tungsten or an alloy of tungsten or platinum. The 

10 active (bnidi) electrode 74 is cmmected to an RF generator (not ^own) via a central 
copper conductor (also not diown). A ceramic insulation sleeve 76 surrounds the 
central conductor, Ae filaments 74a of the brush electrode passing along the insulation 
sleeve and extending laterally dierefiom duougb a cut-out 76a. A retum electrode 7S, 
vMdi is ccmsdtuted by Ae distal od of die instrument shaft, surrounds die proximal 

IS end of the sleeve 76. An outer insulating coating 80 {vMch would be polyvinylidene 
fluoride, a polyimide, polytetrafluoroediylene, a polyolefin, a polyester or ethylene 
tetrafluoroediylene) surrounds die proximal portion of tbe shaft adjacent to die retum 
electrode 78. The return electrode 78 is formed with a hood-like extension 78a v^^ich 
extends over die surface of die sleeve 76 vMA is opposite to the cut-out 76a. The 

20 electrode unit £6 can, thus, provide maximum tissue engagement for diallow working 
angle ^f>}^ications, and is known as a side-effect electrode. 

Because of the high^ impedance of die target tissue, the ardirosoopic multi-function 
brush electrode diould siq)port a lower ratio dian electrodes designed for hysteroscopic 

25 and urological q>plic8tion5 vAm die tissue is more vascular. Reducing die ratio does, 
however, have one drawback in body cavides of small volume, such as the knee joint 
vAndi is typically 60-80 mis, and diat is heating of the surrounded irrigant or 
distension fluid. Heating occurs primarily during the application of power to reach the 
vaporisation tfare^old. Once the direshold has been reached, die power requirement 

30 typically falls by 30-50%. Reducing the electrode rado increases the power 
requirement to reach _tbe_^^iold so that, despite die hi^ impedance of the target 



24 

tissue, it is undesirable to reduce the ratio to tbe lowest value capable of supporting 
vaporisation. 

In addition, the high impedance is due to lack of vascularity of such tissues as meiiscal 
5 cartilage. Except, diercfore. when muscle or synovial tissue is being treated, the 
primaor function of die athroscopic brush electrode is that it should provide rapid 
debulldng of dense, avascular tissue. Desiccate functionality is not a requirement of 
such an instrument Indeed, very short rigid brush electrod«j with electrode ratios 
greater than 5:1 are desirable. TT»e only reason for not elevating the ratio further is the 
10 need to engage the maximum amount of tissue and simultaneously reduce procedure 
time. 

A short, rigid brush electrode (of the type described above widi reference to Figure I 
or Figure 6a) can be thought of as an end^ect electiode which has tissue debulking 
15 Precision with minimal thermal spread Consequently, it c«i be used to CT^^ 

holes in tissue, thereby to create an access chamtel to tissue deep to the surface, as may 
be required as part of an interstitial ablation technique on a tissue mass such as a 
prostate adenoma or a uterine fibroid (myolysis). This use of a vaporising, end-effect. 
technique enables only the fibroid to be removed by complete debulking leaving a 

20 resection margin conforming to the -false capsule- of the fibroid. No normal tissue is 
removed and. due to control of coUatend thermal effects at the endometrial resection 
margin, the scarring is reduced to a minimum, diereby increasing what chances tfiere 
were of restoring fertility. Additionally, of course, vaporisation does not produce 
resection chippings to interfere witi. visualisation and pn,long ti,e procedure through 

25 the need to wash them out ond* tbe resection is completed. Conventional loop 

electrode resectoscopes require removal of normal tissue surrounding such fibroids, and 
tius is disadvant,«eous because it increases d» chance of bleeding, the risk of uterine 
perforation and tbe scarring of die uterus. This latter aspect is particularly undesirable 
when die procedure is being performed in an attempt to restore fertility 

30 

Alternatively, a short, rigid brush electrode am be used to debulk a tumour (such as 
a fibroid, a bl«lder tumour or a pn,st.te adenoma), or it am be used wid, the multiple 
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puncture or drilling technique. In ibis case, after removing the intrauterine portion, the 
intramural portion can be treated by creating ("drilling") a series of holes into the 
abnormal tissue whedier, for example, diis is a fibroid or prostatic adenoma To assess 
the depth of penetradm, marks may be provided on die electrode ^aft at measured 
3 distances from the tip, and hence to compare Uie dq>di of penetration against die pre- 
operative results of tests performed to establish size of the tumour or adenoma The 
residual tissue bridges will shrink as part of the healing process. Whilst not removing 
the i^ole tumour, this technique is safo- and quicker than removing the entire fibroid 
or prostatic adenoma, v^en treatment is being performed either for menorriiagia or 
10 bladder outflow obstruction, respectively; 

Another problem with working in die confined space of a joint cavity is in preventing 
damage to adjacrat stmctures, particularly wben die vqK>rising effect is enhanced, and 
bodi die tissue denaty and q>plicatioii an^e make engagment and location difiHcult 
15 This protection feature is intrinsic in die side-effect brush of Figure S, when the 
insulation sleeve 76 protects tissue above^ below and bdiind the active electrode 
window 76a ^fMA only ocaq;>ies a small arc of die cross-sectional form (as shown in 
Figure 9). 

20 Figure 1 0 diows die electrode assembly of die sevendi form of electrode unit E7. This 
electrode assembly includes a central, tissue treatment (active) electrode constituted by 
a plurality of filaments made of tungsten or an alloy of tungsten or platinum, a tapered 
ceramic insulation sleeve 86, a return electrode 88, and an outer insulating sleeve 90. 
The insulation sleeve 86 is formed widi a pair of diametrically-opposed, forwardly- 

25 extending wings 86a which project beyond the active electrode 84, The filaments 
constituting the active electrode 86 extend only a short distance from the distal end of 
die insulation sleeve 86, dierdsy ccmstituting a very short brush electrode. The 
electrode unit E7 has, dierefore, a large retum:active electrode ratio, so that this 
electrode unit is intended primarily for a tissue removal by vaporisation. The electrode 

30 unit £7 is particularly useful for dectrosurgical <^>erations on meniscal cartilage or any 
other elongate laniiiiate structure iK^ch is te> be treated fro 

can be used to trap die cartilage against die active electrode 84. The configuration of 
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the wings 86a also assists in preventing unnecessary exposure of the active electrode 
84, which may otherwise damage adjacent structures when working in the confined 
spaces commonly encountered in endoscopic surgery. 

5 Figures 1 la to 1 Id show eighth, ninth, tenth and eleventh forms of electrode unit E8 
to Ell, each of which incorporates an active electrode in the form of a coiled spring 
filament 94. The electrode units E8 to Ell each includes an insulation sleeve 96, a 
return electrode 98 and an insulating sheath 100. The electrode unit E8 of Figure I la 
is sinular to that of Figure 5a, bemg intended primarily for desiccation; and the 

10 electrode unit E9 of Figure llh is simUar to that of Figure 1. being intended primarily 
for vaporisation. Tht electrode unit ElO of Figure I Ic is similar to that of Figures 8 
and 9. in that the coO electrode 94 is formed in a cut-out 96a formed Ae side of die 
insulation sleeve 96. and the return electrode 98 is formed with a hood-like extension 
98a which extends over the surface of the sleeve 96 which is opposite to die cut-out 

15 96a. Jht electrode unit ElO can, thus, provide maximum tissue engagement for 
shallow woricing angle applications, and is anodier form of side-effect electrode. The 
electrode unit El 1 of Figure 1 Id is similar to diat of Figure 10, in that die insulation 
sleeve 96 is formed with a pair of diametricallyK>pposed. forwardly-extending wings 
96b. In each of diese embodiments, die active dectrode 94 is made of an alloy of 

20 platinum. 

The electrode units E8 to El 1 are similar to die brush-type electrodes of Figures I to 
10. and have simUar surgical effects, apart from die fact tiiat diey eliminate the risk of 
splaying (which is advantageous in certain electro-surgical procedures). They have. 
25 however, die advantage of simplifying die assembly procedure, particularly when using 
platinum alloy materials. 

It will be apparent diat modification could be made to die electrosurgical instruments 
described above. For example, die insulation sleeves 16. 36. 46, 56. 66. 76. 86 and 96 
30 could be made of a sUicone rubber (such as a silicone polyurediene), glass, a polyimide 
or a thermoplastics material. 
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CLAIMS 

I . An electrosurgical instniment for die treatment of tissue in the presence of an 
electrically-conductive fluid medium, die instrument comprising an instrument shaft, 

5 and an electrode assembly at one end of the shaft, die electrode assembly comprising 
a tissue treatment electrode and a return electrode vMch is electrically insulated from 
the tissue treatment electrode by means of an insulation member, the tissue treatment 
electrode being exposed at die distal end portion of the instrument, and die return 
electrode having a fluid contact surface spaced proximally from the exposed end of die 

10 tissue treatment dectrode by die insulation member, li^erdn the exposed end of the 
tissue treatment dectrode is constttuted by a plurality of tissue treatment filamentary 
membm made of an dectricaUy-omductive material, die filamentary members being 
dectrically omnected to a conunon dectrical supply conductor. 

IS 2. An dectrosurgical instniment as daimed in daim 1, \^erdn a plurality of 
separate, individiud filaments constitute die filamentary members. 

3. An dectrosurgicd instrumoit as claimed in claim 2, wherein die filaments each 
have a lengdi lying widiin die range of from 0. 5 mm to 5 mm. 

20 

4. An dectrosurgicd instnmient as daimed in claim 2 or claim 3» wherein die 
filaments each have a diameter lying widiin die range of firom 0.05 mm to 0.3 mm. 

5. An dectrosurgicd instrument as ddmed in daim 1, wherein a single coiled 
25 filament constitutes die filamentaiy members, die coils of die filament constituting the 

filammtary members. 

6. An elcctrosurgicd instrument as ddmed in any one of claims I to 5, wherein 
the filamentary members extend longtrndinally from the extreme distd md of the 

30 instrument 
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7. An electrosurgical instrument as claimed in any one of claims 1 to 5, wherein 
the filamentary members extend laterally through a cut-out formed in a side surface of 
the insulation member adjacent to the distal end diereof. 

5 8. An dectrosurgical instrument as claimed in claim 7, wherein the return 
electrode is formed widi a hood-like extoidon \Aich extends over the surface of the 
msuladon member ^lich is opposite the cut«out 

9. An electrosurgical instnmient as claimed in any one of claims 1 to 6, wherein 
10 die filamentary members are mounted widiin the insulaticm member in such a manner 
that they are axially movable relative to the insulation member between a first 
operating portion, in w*ich they extend partially from die insulation member, and a 
second operating position, in which Aey extend fully from die insulation member. 

15 10. An electrosurgical instrument as claimed m any one of claims 1 to 6, v^erein 
Ae insulation member is formed with at least one wing» the or each wing extending 
distally from the insulation member to project beyond the tissue treatment electrode. 

11. An electrosurgical instrument as claimed in claim 10» wherein the insulation 
20 member is formed widi a pair of diametriaUy-<9posed wings. 

12. An electrosurgical instrument as claimed in any one of claims 1 to 1 1, v^erein 
the common electrical supply ccmductor is a central ccmductor. Ae insulation member 
surrounding die central conductor. 



25 



13. An electrosurgical instrument as claimed in any one of claims 1 to 12, vy^ierein 
the filamentary members are made of a precious metal sudi as platinum. 
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14. An electrosurgical instrument as claimed in any one of claims 1 to 12, v^erein 
the filamentary members arc made of a platinum alloy such as platinum/iridium, 
platinumAungsten or platinum/cobalt 
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15. An electrosurgical instrument as claimed in any one of claims 1 to 12, herein 
die filamentaiy members are made of tungsten. 

16. An electrosurgical instrument as claimed in claim 2» herein die filaments each 
S have a length lying widiin die range of from 5mm to 1 0mm. 

17. An electrosurgica] instrument as claimed in claim 16, wherein Ae filaments are 
made of stainless steel. 

10 18. An electrosurgical instrument as claimed in any one of claims 1 to 17, wherein 
the msulaticm member is made of a cmmic material. 

19; An electrosurgical instrument as claimed in any one of claims 1 to 18, wherein 
die insulation member is made of alicone rubber. 

15 

20. An electrode unit for an electrosurgical instrument for die treatment of tissue 
m the presence of an electrically-<(mdttcdve fluid medium, die electrode unit 
comprising a sbzft having at one end means for cozmecdon to an instrument handpiece, 
and, mounted on die odier end of die diaft, an dectrode assembly compridng a tissue 

20 treatment electrode and a return electrode which is electrically insulated from die dssue 
treatment dectrode by means of an insulation monber. die tissue treatment electrode 
being exposed at the distal end porticm of die instrument, and die return electrode 
hacving a fluid contact surface spaced proximally from die exposed end of the tissue 
treatment electrode the insulation member, wfaerdn die exposed end of the dssue 

25 treatment electrode is constituted by a plurality of tissue treatment filamentary members 
made of an electrically-conductive material, the filamentary members being electrically 
cormected to a common electrical supply conductor. 

21. Electrosurgical aj^aratus coRq>rising a radio frequency generator and an 
30 electrosurgical instrument for the treatment of tissue in die pressure of an electrically- 
conductive fluid medium^ die instrument comprising an instrument shafts and an - 
electrode assembly at one end of the shafk, the dectrode assembly comprising a tissue 
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trealment dectrode and a return electrode wUch is electrically insulated from the tissue 
treatment electrode by means of an insulation member, tbe tissue treatment electrode 
being exposed at the distal end portion of the instrument, the return electrode having 
a fluid contact surface spaced proximally from die exposed end of the tissue treatment 
5 electrode by die insulation member, and tbe radio frequency generator having a bipolar 
output comiected to the electrodes, wherein die exposed end of the tissue treatment 
electrode is constituted by a plurality of tissue treatment filamentary members made 
of an electrically-conductive material, die filamentary members being electrically 
connected to die radio frequency generator by a common electric supply conductor 

10 

22. Apparatus as claimed in daim 21. wherein die radio frequency generator 
includes control means for varying die output power delivered to die electrodes. 

23. Apparatus as claimed in daim 22. wherein die control means is sudi as to 

in first and second output ranges, die first ou^iut range being for 
powering die electrosurgical instmmoit for tissue dessication, and die second output 
range bang for powering die electrosur^cal instrument for tissue removal by 
v^risation. 

20 24. Apparatus as daimed in daim 23. iiAerdn die first output range is from about 
150 volts to 200 volts, and die second output range is from about 250 volts to 600 
volts, die voltage being peak voltages. 
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